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ABSTRACT 
Water in Kapuas River is the raw material for clean water used by the regional water utility 
company in Pontianak or PDAM Tirta Khatulistiwa. Its quality was assessed through the main 
parameter called turbidity. To meet the clean water standard, the raw water must be undergoing 
a clean water treatment named coagulation using Aluminum Sulfate or Alum (Al2(SO4)3.14H2O) 
as coagulants. This alum must be determined its dosage to maintain the quality of the water 
itself. The company was using the jar-test method in order to determine the optimum dosage of 
alum due to its cheap price and ease. However, this method is inefficient in terms of time and 
cost for the laboratory. Therefore, we proposed the mathematical models which cheaper and 
efficient. This model build-up based on the data relationship between the optimum dosage of 
alum and turbidity in the coagulation process which obtained a mathematical equation that is 
𝑦𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 =  −110.01𝑥
2 + 601.67𝑥 − 726.97. The offered mathematical model has 
resulted in turbidity values that were following the Ministry of Health Regulation in 2010.  
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Water is one of the main needs of living things in the world, including humans. Along with the 
increasing human population, the need for clean water that is used continues to increase (Nugroho, 
et al., 2016). However, the high dependence on water has not been matched by its availability. This 
is because the availability of clean water that meets the requirements for human needs is relatively 
small. More than 97% of the water on earth is seawater that cannot be used directly. While of the 
remaining 3% water, only 0.62% is available for human needs (Effendi, 2003). Therefore, a water 
treatment process is needed to improve its quality so it can be used by humans in their daily 
activities. 
 
In Pontianak, the clean water treatment process is carried out by the regional water utility company 
in Pontianak or known as Perusahaan Daerah Air Minum (PDAM) Tirta Khatulistiwa. PDAM Tirta 
Khatulistiwa must meet the clean water needs of the Pontianak City community. PDAM Pontianak 
water source comes from the Kapuas river which has a discharge of 3120 m3/sec (Kadaria, et al., 
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2012). The river is a river in West Kalimantan and the longest in Indonesia with a length of 1080 km 
(Sutikno, 1981). This river is very influential for the people of Pontianak and surrounding areas. 
Kapuas river water is used to meet daily needs such as bathing and washing. However, in reality, 
the water does not meet the criteria for clean water because it has a high turbidity level, so it needs 
to be processed first. 
 
The water treatment process aims to reduce the number of pathogenic microorganisms, improve 
turbidity, taste, smell, remove minerals, and other harmful organic and inorganic matter that 
dissolved in water. The main processes of clean water treatment include filtering, coagulation, 
flocculation, sedimentation, and filtration (Sutapa, 2006). The main process carried out by PDAM 
Tirta Khatulistiwa in water treatment is coagulation. Coagulation is a water treatment process that 
has the performance of combining very small floating solids or colloids, then forming flocks by 
adding chemical substances so that the resulting floc can be deposited and filtered (Susanto, 2008). 
The basic principle of the coagulation process is the occurrence of an attractive force between 
negative ions on one side and positive ions on the other. Particles that act as negative ions are 
organic substances (such as colloids), microorganisms, and bacteria (Bangun, et al., 2013). In this 
coagulation treatment process, an additional coagulant is needed in raw water. Coagulants are 
chemical substances, which generally function to reduce turbidity, color, taste, and smell and can 
be used as a material for purifying dirty water (Sugiarto, 2007). The type of coagulant used in PDAM 
Tirta Khatulistiwa is Aluminum Sulfate Al2(SO4)3.14H2O or known to the public as an alum. 
 
The use of alum as a coagulant is used as an effort to reduce turbidity in water. However, 
inappropriate use of alum can affect the quality of the water produced. The time and intensity of 
stirring, coagulant dose, temperature, pH, and other physical factors can affect the effectiveness of 
the coagulant used. One of the efforts to overcome this problem is to determine the optimum dose 
of coagulant to get water of good quality. Currently, PDAM Tirta Khatulistiwa is using the jar test 
method to determine the optimum dose of alum. A jar test is an experiment that functions to 
determine the optimum dose of coagulant used in the clean water treatment process. Jar tests are 
used to determine the optimum operational conditions for various raw water qualities, especially 
the correct dosage of chemicals (Rifa'i, 2007). The jar test method to determine the optimum dose 
of coagulant is carried out by testing it directly in the laboratory by mixing alum and raw water 
sources with several variations in the concentration under the same conditions. The method is quite 
simple and accurate, but it is less efficient in terms of time and cost because it needs to be done 
multiple times and requires more raw materials. 
 
Based on this background, a mathematical model in the form of a linear equation was developed 
which can be used to determine the optimum dose of coagulant alum at PDAM Tirta Khatulistiwa 
through the relationship between the optimum dose of alum and the turbidity level. With this 
equation, the optimum dose of coagulant can be determined by substituting the value of the 
turbidity level of raw water on the X variable, so that the optimum dosage determination is 
expected to be more efficient in terms of time and cost. 
 
2. Materials and Methods 
 
This research was conducted for 5 days at the PDAM Tirta Khatulistiwa Pontianak Laboratory which 
is located on Imam Bonjol Street Number 430 Pontianak. Raw water samples were obtained from 
intake 1 PDAM Tirta Khatulistiwa Pontianak (0°02'30.4" S, 109°21'13.2" E) with sampling done at 
13.00 noon Waktu Indonesia Barat (WIB) / Western Indonesia Time. After that, the raw water 
samples were given an alum coagulant 1% and the processing used the jar test method with dosage 
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variations of 2.6; 2.8; 3.0; 3.2; 3.4; and 3.6 mL/L. Then, fast stirring (100 rpm) was carried out for 1 
minute, slow stirring (40 rpm) for 10 minutes and deposition (sedimentation) for 30 minutes. The 
next step is to determine the physics parameters of water quality in the form of turbidity used 
2100P portable turbidimeter. To find out how much influence the addition of alum coagulant has 
on raw water, a statistical test was carried out in the form of the Analysis of Variance (ANOVA) test. 
While the determination of the optimum dose is carried out with a regression equation based on 
the best results of water quality from the test of each sample in the jar test results with a percent 
reduction in turbidity. 
 
3. Results and Discussion 
 
3.1 ANOVA Results 
 
Turbidity measurement from water samples in PDAM Tirta Khatulistiwa Pontianak used 
turbidimeter. To analyze the data obtained from the measurement results, a statistical test is 
performed by using ANOVA. ANOVA is a statistical test of whether there is a significant difference 
in the average value of more than two samples (three or more samples) (Istijianto, 2005). In these 
tests, the hypotheses tested (H0) and alternative hypotheses (H1) are often represented in the 
notation as shown by the following equation: 
 𝐻0 ∶  𝜇1 =  𝜇2 =  𝜇3 … =  𝜇𝑛 (1) 
 𝐻1 ∶  𝜇1 ≠  𝜇2 ≠  𝜇3 … ≠  𝜇𝑛 (2) 
H0: There is no influence between the variation of alum coagulant dose and the turbidity of water 
obtained 
H1: There is an influence between the variation of alum coagulant dose and the turbidity of water 
obtained 
 
ANOVA test was conducted to determine whether there was an influence of alum coagulant dosage 
variations used on changes in the quality of water produced. The ANOVA test results obtained are 
shown in the Table 1. 
 
Table 1. Data analysis of coagulant dose variation of alum on water turbidity obtained. 
 Df Sum of square Mean square F Calculate 
F Table 
1% 5% 
alum dosage 5 42.88 8.58 32.58** 3.9 2.6 
Error 24 6.32 0.26    
Total 29 49.20     
**) Very significant effect 
 
Based on the results of data processing using ANOVA for the mean at the 95% confidence level for 
α = 0.05 (5%) and α = 0.01 (1%) presented in table 1, a turbidity parameter review can be carried 
out, namely the F calculate = 32.58 which is greater than F table (α = 0.01 (1%)) = 3.9 and F table (α 
= 0.05 (5%)) = 2.62. This means that the variation of the coagulant dose has a very significant effect 
on the process of reducing the level of turbidity of water. If the alum coagulant dose is in accordance 
with the level of turbidity of raw material water, then a decrease in turbidity of water to conform 
to drinking water and clean water standards can be achieved (Murtopo, et al., 2013). 
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Based on ANOVA test and a review conducted that the variation of alum coagulant dose is very 
significant effect on changes in turbidity parameters on water quality. In addition, with these results 
a policy can be formulated to control the alum coagulant dose in order to obtain the optimum dose 
in water treatment, so the clean water and even drinking water can be obtained. 
 
3.2 Relationship between Optimum Doses of Alum and Raw Water Turbidity Parameters 
 
There are several parameters used to determine the water quality of PDAM Tirta Khatulistiwa 
Pontianak. These parameters have been known to be strongly influenced by the alum coagulant 
dose. One of these parameters is turbidity, which is the main factor in determining the optimum 
dose of coagulant used. Although the minimum turbidity value and other parameters such as color 
are located at different doses, to observe the success or failure of the purification process  (water 
treatment) carried out, will be seen from the results of turbidity first. Therefore, the relationship 
between turbidity values and the dose of coagulant were important to study. In this study, that 
relationship is shown in Figure 1. 
 
 
Figure 1. The relationship between turbidity to variation of dosage of alum coagulant. 
 
Based on the measurement results obtained, it can be seen that the optimum dose of coagulant that 
would be used in five days. From these measurements, it is known that the minimum turbidity value 
on Monday, Wednesday and Friday is obtained at a coagulant dose of 2.6 mL/L, Tuesday at a 
coagulant dose of 3.2 mL/L while Thursday at a coagulant dose of 3.0 mL/L. If the turbidity of raw 
water is higher, the amount of coagulant needed is higher too (Hanum, 2002). This underlies the 
optimum coagulant dose variation in these measurements. Water conditions that vary with the 
degree of turbidity of raw water and different tidal conditions will also have an impact on coagulant 
doses which also vary. The reactions that occur when the coagulant reacts in floc formation are as 
follows: 
Coagulant will experience dissociation : Al2(SO4)3 → 2 Al3+ + 3 (SO4)2- 
Water will ionize   : H2O → H+ + OH- 
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At the optimum coagulant dose, the reduction in turbidity occurs optimally because the amount of 
positive charge from Al3+ is able to destabilize colloidal particles in the suspension. After decreasing 
the turbidity value reaches its minimum point or optimum coagulant dose point, there will be an 
increase in the turbidity value caused by the restoration of colloidal particles due to excessive 
coagulant concentration. This restabilization is generally accompanied by a reversal of colloidal 
particles from negative to positive due to excessive coagulant doses (Akhtar, et al., 1997). This 
condition causes the turbidity level in the water to increase again. In addition, the turbidity level is 
also influenced by the intensity of the scattered light. This is based on the higher intensity of the 
scattered light, the turbidity level will also increase. Based on these conditions, it can be concluded 
that the optimum condition of the coagulant in the study was only seen from the position of the 
coagulant dose when the turbidity was lowest by ignoring the differences in light intensity that might 
occur due to differences in the voltage of each measurement. 
 
The turbidity produced at the optimum dose of coagulant in a row from Monday to Friday is 1.65; 
2.37; 3.65; 4.13; and 4.09 NTU. When compared with the Ministy of Health regulation of Republic 
Indonesia (Peraturan Menteri Kesehatan Republik Indonesia / PERMENKES RI) in 2010 
(No.492/MENKES/PER/IV/2010) regarding the maximum permissible turbidity of drinking water 
which is 5.00 NTU, the dose of coagulant has given the results of turbidity of water that meets the 
quality requirements as clean water and even potable drinking water for distribution to the 
community. 
 
3.3 Mathematical Model for Determination of Optimum Dosage of Alum 
 
Based on the measurement of water turbidity in the study, the mathematical model in determining the 
optimum alum dosage is used the optimum dose in turbidity measurement. This is based on how 
the coagulant works in renewing water quality by depositing colloidal particles, in example particles 
that cause turbidity in water. The results of the performance of the optimum dose measurement by 
jar test are shown in Table 2. 
Table 2. Performance results from the optimum dose of alum by jar test. 
No. 








1. 2.6 41.8 1.65 96.05 
2. 2.8 52.6 2.49 95.27 
3. 2.6 62.6 3.65 94.17 
4. 3.0 34.4 4.13 87.99 
5. 2.6 45.4 4.09 90.99 
 
Based on Table 2, a mathematical equation is obtained between the alum dosages needed to obtain 
turbidity in accordance with applicable standards. The variable X is the optimum dose of alum and 
the variable Y is a measured water quality parameter (Dawood and Li, 2013). Based on the results of 
simulation research data obtained a mathematical equation to determine the optimum dose of 
alum. In the results of these measurements, it can be known the value of R2 = 0.7082 which is 
obtained close to one. R2 (coefficient of determination) value that is getting closer to one indicates 
that the regression results obtained are getting better. The equation of the proposed mathematical 
model for determining the optimum dosage of alum based on the relationship of the optimum 
dosage of alum with turbidity removal is as follows: 
 y turbidity removal =  −110.01 x
2 +  601.67 x − 726.97  (3) 
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To assess the performance of this model, testing with other data of the optimum dose of alum is 
needed in measuring water quality in PDAM Tirta Khatulistiwa. The data obtained is a measurement 
data for 5 days from Monday to Friday. The test results are shown in Table 3. 
 
Table 3. Testing of proposed mathematical models of optimum dosage of alum 
No. 
Data Testing in the 
form of Initial 
Turbidity (NTU) 
Measured 
Optimum Doses of 
Alum 
Optimum Dose of 
Proposed Mathematical 
Model 
1. 70.8 3.2 2.89 
2. 61.7 2.8 2.92 
3. 53.3 2.6 2.52 
4. 76.1 2.6 2.59 
5. 62.4 3.2 2.92 
 
Based on Table 3, in general there is small difference between the results given in the proposed 
mathematical model and the optimum dosage of alum that has been measured by jar test. The 
average value of the difference is 5.2%. This difference can be caused by the optimum dose of alum 
that is measured also includes color while the proposed model only looks at in terms of turbidity. 
When the turbidity and color values are not linear in determining the optimum dose, the results 
given will be different. However, the main factor in determining the optimum dose is still seen from 
the turbidity. In addition, the proposed mathematical model has established a standard of water 
turbidity value that is equal to 5 NTU, while the optimum dose data measured alum can be lower 
than that value.  
 
Furthermore, model validation was carried out using the Chi-Square method with a significance level 
of 0.1. Based on the calculation results, the Chi-Square calculation results showed the number 
0.0212, which is lower than the Chi-Square table value of 1.064. Therefore, the mathematical model 
offered is declared valid with a significance level of 0.10 and sufficient to describe the required 
optimum dose of alum in terms of the turbidity of raw water. The value to be achieved is in 
accordance with Ministry of Health Regulation Republic of Indonesia in 2010 about drinking water 
turbidity standard, which is a maximum of 5 NTU. 
 
4. Conclusion and Remarks 
 
ANOVA test results showed that the calculated F value for the turbidity parameter was 32.585, 
while the F table value for the turbidity parameter with (α = 0.05 (5%)) was 2.62 and (α = 0.01 (1%)) 
was 3.9. The value of F count > F table showed that there was a very significant influence on the 
administration of coagulant doses to changes in turbidity parameters and raw water quality of 
PDAM Tirta Khatulistiwa. The water changes produced in accordance with the Minister of Health 
Regulation No.492/MENKES/PER/IV/2010 for turbidity parameters and mathematical models for 
the optimum dosage of alum based on turbidity parameters is 𝑦𝑡𝑢𝑏𝑖𝑑𝑖𝑡𝑦 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 =  −110.01 𝑥
2 +
601.67 𝑥 − 726.97y. Moreover, the focus for further research is to make models using other 
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